Suppose an observer is presented with a stimulus at one point in his visual field and then, some time later, presented with a second stimulus at a different point in the field. Most readers would probably agree that his accuracy in judging the similarity of the two stimuli would be reduced by both the temporal delay between their occurrence and their spatial separation in his visual field. For example, consider the advantage one gains in comparing the color of two objects if they are viewed in immediate temporal succession and/or close together in space. Increasing either the temporal delay or the spatial separation between the two objects makes it more difficult to perceive whether the two colors are the same or different. This suggests that an observer's ability to judge the similarity of two objects is limited not only by their physical similarity but also by the manner in which they are observed.
In this paper, a decision theory model is developed to represent the effect of temporal and spatial factors on an observer's ability to compare two visual stimuli. The model is applied to data from a visual position discrimination task. The observer was required to discriminate a difference in vertical position between two laterally separated points of light presented successively in the dark. The variables of primary interest in this task were the length of the delay between successive presentations of the two stimuli, and the degree of lateral separation between them.
Decision theory models in psychophysics have largely addressed themselves to discrimination problems in which the two stimuli are temporally and spatially contiguous. Such discrimination tasks are generally referred to as detection problems. The most prominent of these models is the Theory of Signal Detection (see Green & Swets, 1966 , for a summary of detection models). This is a two-process model in that an observer's performance in a discrimination task is represented as the product of two subprocesses: an input process and a decision process. The input process relates the external stimulus event to hypothetical sensory states. The particular sensory state evoked is treated as a value of a random variable whose distribution depends on the physical properties of the actual stimulus value and the sensory capacities of the observer. A measure of the observer's "sensitivity" characterizes the input process. This measure is based on the relationship between the two distributions of sensory states evoked by the two stimulus events to be discriminated. The decision process relates the random variable representing the sensory states to the observer's overt response. An observer's tendency or "bias" to make a particular response is influenced by such experimenter controlled events as the presentation probabilities of the stimuli, and the costs or gains associated with the various stimulus-response contingencies. The bias is characterized by a single variable, the "decision criterion." The observer's overt response is based on the relation between the value of the random variable evoked by a particular stimulus event and his decision criterion. While an observer may modify his performance by altering his decision criterion, the measure of his sensitivity will not be affected. It is the separation of previously confounded "sensitivity" and "response bias" measures which is the major accomplishment of the decision theory approach to the analysis of psychophysical data.
A two-process model like the Theory of Signal Detection makes no provision for specifying changes in an observer's sensitivity produced by variations in the temporal delay between the two stimuli. Nor does it specify changes in sensitivity produced by variations in the spatial separation between the two stimuli.
Kinchla and Smyzer (J 967), Ronken (1967) , Tanner, Haller, and Tanner (1961) have developed models which represent the perceptual processes by which an observer compares stimulus events presented at different points in time. These models are concerned with the problem of memory in psychophysics, and have been denoted as recognition models (Kinchla, 1966; Kinchla & Smyzer, 1967; and Tanner, Haller, & Atkinson, 1967) in order to distinguish them from detection models. Of special interest here is Kinchla's diffusion model of perceptual memory (Kinchla & Srnyzer, 1967) . This model is a three-process model in that recognition is represented as the product of three subprocesses: an input process, a memory process, and a decision process. As in the Theory of Signal Detection, the input process specifies the manner in which the physical properties of the stimulus event and the sensory capacity of the observer determine the hypothetical sensory state evoked by the stimulus event. The memory process considers the manner in which information about the initial stimulus is lost or degenerated during the interstimulus interval. The sensory state evoked by the first stimulus event is stored in memory where it is "diffused" through a random walk process during the interstimulus interval. The observer is represented as basing his response on the discrepancy between his memory of the sensory state evoked by the initial stimulus, and the sensory state evoked by the second stimulus. The decision process specifies how a given discrepancy interacts with the observer's decision criterion to determine his overt response. The observer reports a stimulus difference only if the discrepancy exceeds his decision criterion. Keller and Kinchla (1968) , Kinchla and Allan (1968) , and Kinchla and Smyzer (1967) applied this model to data from a visual recognition task. The observer was required to discriminate a lateral difference in position between two small points of light flashed successively in the dark with a variable time interval between flashes. The progressive loss in sensitivity predicted by the model for increasing delays between successive presentations of the two lights, was Shown to be consistent with the observed data.
Keller and Kinchla, Kinchla and Allan, and Kinchla and Smyzer suggested that the loss of position information represented by the theoretical random walk process may to a large extent reflect overt, involuntary eye movements during the interval between the two flashes. Support for this interpretation is found in studies concerned with direct measurement of eye movements in the dark. For example, Cornsweet (1956) , and Matin (cited as personal communication by Kinchla & Smyzer, 1967) have reported that the drift components of involuntary movements of the eye in the dark suggest a random walk process. If the loss of position information in the experiments described by Kinchla and his associates is primarily a result of eye movements during the interstimulus interval, then the model proposed by Kinchla would allow a measure of eye drift to be derived from purely psychophysical data.
As mentioned earlier, it can readily be demonstrated that an
The Memory Proeess
Once the sensory value Vo is stored in memory, it is "diffused"
It is assumed that the variances of the two distributions, Var(Vo) and Var(V I), are equal. Their sum will be referred to as the input variance. (It will be shown later that the equality of variance assumption is reasonable for the experiments to be considered.)
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The Input Process
Repeated inputs of the same stimulus value do not necessarily evoke the same sensory value. The distribution of evoked sensory values is assumed to be Gaussian with an expected value equal to the actual stimulus value. Thus, if the same stimulus values yo and YI were presented on every discrimination trial, the sensory values Vo and VI on any particular trial could be treated asvalues of two corresponding, independent, Gaussian, random variables, V o and VI respectively, where F" 2. Diltn1llltion of Utx coaditiolll1 upon the difference~YO mdYI· notation will be used to describe the stimulus-response combinations on Trial n: SI.n = the presentation of a stimulus difference on Trial n, SO.n = the presentation of no stimulus difference on Trial n, Al n =the observer's response that a stimulus difference
• occurred on Trial n, A o n =the observer's response that no stimulus difference
• occurred on Trial n, Thus, on each trial either SI or So is presented, and the observer makes either an Al or A o response. Note that his performance can be summarized by two proportions: the proportion of SI trials on which he makes an Al response, for i equal to I or O. These proportions are normally treated as estimates of corresponding conditional probabilities; respectively, P(AIIS I) and P(AIIS o). In keeping with the decision theory literature, añ I response made to an SI stimulus pattern will be called a hit (H), and an Al response made to So will be called a false alarm (FA) .
The purpose of the model is to account for changes in an observer's ability to discriminate a stimulus difference y produced by variations of two variables: the temporal interval between the offset of L o and the onset of L I, denoted t; and the spatial separation between L o and L I, denoted x, The basic structure of the model is shown schematically in Fig. I . Each time some value of the stimulus variable Y initiates the input process it evokes some value of the sensory variable V. The values of V evoked by yo and YI are denoted respectively by Vo and VI' Since YI occurs later in time and/or spatially separated from yo, the observer stores Vo in "memory" until VI is available for comparison. He then makes a similarity decision regarding yo and Yl on the basis of the size of the discrepancy between his memory of vo, denoted ffitx' and vI' He reports a stimulus difference only if the observed discrepancy exceeds his decision criterion. Thus, three processes interact to determine the relationship between stimulus and response: input, memory, and decision. While these three processes can be defmed in a rigorous axiomatic manner, a simple, verbal presentation should suffice here.
. . observer's efficiency in discriminating the color of two visual stimuli decreases as the spatial separation between them increases. However, no quantitative theory of this relationship is available. The present paper presents an elaboration of Kinchla's model to represent the manner in which information about one stimulus is lost during a spatial translation required to compare it with another stimulus. Furthermore, the model specifies the manner in which the effect of spatial separation combines with the effect of temporal separation in determining an observer's ability to discriminate two stimuli. The loss of information during the spatial translation is represented by the same mathematical process that is used to represent the loss of information over time in the Kinchla model. Therefore, since the loss due to time is attributed to imperfect perceptual memory in the Kinchla model, the loss due to space will be characterized as a perceptual memory effect in this model. On the basis of the distinction between detection and recognition made earlier, this model will be denoted as a recognition model. One other aspect of the discrimination process will be considered empirically, although no theoretical treatment will be proposed. The majority of decision theory models in psychophysics treat the observer's performance as a series of stochastically independent trials. That is, it is usually assumed that the observer's response on any given trial is independent of the stimuli and responses which occurred on previous trials. However, several investigators (Atkinson, Carterette, & Kinchla, 1962; Atkinson & Kinchla, 1965; Kinchla, 1964 Kinchla, , 1966 Parducci & Sandusky, 1965; Tanner, Haller, & Atkinson, 1967) have reported data from a number of experimental tasks which do not support this assumption. They have shown that the observer's response tendencies on a given trial are correlated with the stimulus and the response on the previous trial. Of particular interest here are the large and orderly sequential effects found in recognition tasks (Kinchla, 1966; Parduccl & Sandusky, 1965; Tanner et al, 1967) . These far exceeded the sequential effects typically found in detection experiments. In fact, it has been pointed out that the most striking disparity between recognition and detection data is the sequential structure of the observer's performance (Kinchla, 1966) . Since the perceptual memory process provides the primary distinction between detection and recognition models, the sequential structure of the data collected in the present experiments was examined in order to further explore the relationship between the memory and decision processes.
A MATHEMATICAL MODEL OF THE PERCEPTUAL PROCESS
In this section a model for the comparison of temporally . separated stimuli (Kinchla & Smyzer, 1967) will be elaborated to represent the comparison of spatially separated stimuli as well. . Before introducing the theoretical issues, it will be helpful tõ y the experimental situation and introduce some notation. . The discrimination experiments we shall consider consist of a series of discrete trials. On each trial the observer is shown two serially presented points of light, L o and L I respectively, which may or may not differ along a particular stimulus dimension. The observer's task is to report a stimulus difference when one exists.
We shall denote the relevant stimulus variable by Y, and the values of La and Lt , by Yo and yI respectively. On some trials, yI equals yo; on others YI differs from Yo by an amount y. The following or lJIOdified through two simultaneous but independent random walle processes until it is read into the decision process. One random walk occurs during the interstirnulus interval; the other during the spatial translation of the information provided by the initial stimulus. Note that m t", the memory oh o, depends solely on the initial value in memory (vo) plus the cumulative effect of each random walk. These cumulative effects, denoted dt and dx respectively, are simply the sum of all the incremental steps minus the sum of all the decremental steps. The value of the memory can be written as Since U tx is defined as a linear combination of four independent, Gaussian, random variables (Equation 4), it too will have a Gaussian distribution. The expected value of U tx depends on the actual pair of stimulus values; that is, substituting in Equation 5 using Equations I, 2, 7, and 8 yields, (11) Furthermore, substituting in Equation 6 using Equations 9 and 10 yields, (3) Since the decision process operates on the difference between VI and ffitll' it will be useful to denote this discrepancy by ut", where Thus, the variance of the UtI is the simple sum of the input variance plus the diffusion variance accrued in memory. It will be convenient to denote Var(U tx) by the symbol 0 1 tx' and the input variance by the symbol K. Thus, Furthermore, since the variance of ·the sum of n independent, raDdom variables equals the sum of their individual variances, then from Equation 4, (12) The Decision Process The observer's task is to decide whether the discrepancy (utx) on a particular trial was produced by an actual stimulus difference. For example, suppose Yl equalled Yo (an So stimulus pattern) on a randomly determined 50 per cent of the trials, and equalled Yo plus y (an 8 1 stimulus pattern) on the remaining trials. The observer's decision problem is illustrated in Fig. 2 , which presents two overlapping, Gaussian distributions of U tx' The distribution with mean zero corresponds to So trials, while the mean y distribution corresponds to SI trials (Equation II). The observer is assumed to establish some cutoff point or criterion value of U tx' denoted C tx ' and to report a stimulus difference only if the observed discrepancy exceeds C tx ; specifically, Some Properties of the Model From Fig. 2 it can.be seen that P(A IIS 1 ) is the area to the right of C t " under the 51 distribution; similarly, P(AIIS0) is the area to the right of C t " under the So distribution. Note that although an observer may produce many combinations of P(A IIS 1 ) and P(A IISo) by shifting his criterion, he can never change P(A IIS 1 ) without simultaneously changing P(A IIS o)' The possible pain of hit and false alarm rates available to the observer through variation in his decision criterion are his operating characteristic (OC) . The OC can be specified by a single number, the sensitivity measure Ii tx ' defined as follows:
where Eo(U tx) is the expected value of Ut" on So trials, and E l (U tx) is the expected value on SI trials. Thus Il t" is simply the distance between the means of the two distributions of Ut" 
If the random walks are symmetrical, then as the number of steps in the random walks increases, the distributions of D, and 0" (actually binomial) will approach Gaussian distributions with the following means and variances (Allan, 1968): where t/lt and 41" are constants, The constant t/lt' which we shall refer to as the temporal diffusion rate, is the rate at which the variance of D, increases as a linear function of the interstimulus interval (t). Similarly, t/lx' the spatialdiffusion rate. is the rate at which the variance of Ox increases as a linear function of the spatial displacement between the two stimulus lights (x), AN EMPIRICAL TEST OF THE MODEL We shall now consider two experiments which provide a test of the model. In order to increase the comparability of results, data for the two experiments were collected on alternate days with the same observers participating in both studies. During the experiments, the observer sat in complete darkness and tried to discriminate a difference in vertical position between two successively presented points of light. In terms of the model, the stimulus variable Y corresponds to the vertical position of each light. The first experiment was designed to provide information about the manner in which an observer's sensitivity (0tx) is influenced by the size of the vertical displacement to be discriminated (y), and by the extent of the spatial separation between the two stimulus lights (x). Experiment 2 investigated the manner in which the effect of spatial separation (x) combines with the effect of temporal separation (t) in determining an observers' sensitivity.
Since the two experiments were similar in several respects, we will first consider the common features.
Apparatus
The stimuli were small points of light (Dialeo No. 39, 28 V, .04 A, operated at 15 V de) subtending .033 deg of visual angle at a brightness of 4 rnA. They were presented at approximately eye level, 4.1 m in front of an observer seated in a completely dark room. The observer sat in a normal chair with no special constraints on his head movements, and viewed the stimuli binocularly. The distance between the midpoints of two stimulus lights was specified in degrees of visual angle subtended by the lights. The timing of the stimulus presentations was electronically controlled to at least an accuracy of I msec, and the stimulus sequence was preprogrammed and fully automatic.
Observers
Six paid observers were used. Each observer had an uncorrected visual acuity of 20/20 or better in both eyes according to the conventional Snellen visual acuity test. The observers were informed of the physical structure of the stimulus display, the 270 random method for generating stimulus sequences, and the relative frequency of occurrence of the various stimulus patterns.
Method
Each discrimination trial began with a I sec auditory warning signal followed immediately by a I sec presentation of a point of light, L o. After a t sec delay, a second point of light, L 1 , displaced x deg to the right, was presented for I sec. L 1 was either at the same vertical height as L o (an So stimulus pattern), or displaced y degdown on the vertical axis (an SI stimulus pattern). Finally, the observer was given 2 sec to indicate (by pressing an appropriate pushbutton on the arm of his chair) one of two decisions: L I occurred in the same vertical position as L o (an A o response); or L I was below L o (an Al response). The experimental variables were t (the temporal interval between the two lights), x (the lateral separation between the two lights), and y (the size of the vertical displacement to be discriminated).
L o occurred in the same position in space on every trial: a point at approximately eye level directly in front of the seated observer. It defined the origin of the two-dimensional, stimulus space. It is implicit in the present form of the model that the observer has a perfect conception of the vertical and horizontal dimensions. In an attempt to approximate this condition, an additional light was presented simultaneously with L o. This light was 2 deg to the left of L o and at the same vertical height as L o. Naturally, in the future it will be necessary to evaluate the importance of this additional cue.
Experiment 1
The sequence of stimulus presentations was separately determined for each block of 50 trials. In each such sequence an SI stimulus pattern was presented on a randomly determined 25 trials, while on the remaining 25 trials an So pattern was presented. The interstimulus interval, t, was 0 sec (the lights occurred in immediate temporal succession) throughout the experiment. During each test session x (2, 4. 6, 8, or 10 deg) and y (.26 or .13 deg) were varied between blocks of 50 trials. The sequence of the 10 experimental conditions was randomly determined within each session, and there was a I min rest in the dark between blocks of trials. The experiment consisted of 12 such test sessions. In this way, 12 blocks of 50 trials each were collected for each of the 10 conditions, for a total of 600 trials per experimental condition.
In addition, three preliminary days of testing were conducted to provide stable data for analysis. Also, in order to control warm-up effects, and to allow sufficient time for dark adaptation (about 10 min), two practice blocks of 50 trials each were conducted at the beginning of each session. The practice conditions were randomly determined with the limitation that every condition was used an equal number of times before any of the 10 conditions were repeated. The data from the three preliminary days and from the practice blocks were not included in the final data analysis.
Experiment 2
The size of the vertical displacement to be discriminated, y, was .26 deg throughout the experiment. During each test session t (0, .333, .667, or I sec) and x (6 or 10 deg) were varied between blocks of 50 trials. The experiment consisted of 12 such sessions. Thus, 12 blocks of 50 trials each were collected for each of the eight conditions for a total of 600 trials per experimental condition. In all other respects, Experiment 2 was identical to Experiment I.
RESULTS
In this section we will present the data and statistically evaluate the effect of the independent variables in each experiment. A deeper analysis of the results is provided by the model and is presented in the subsequent section.
Experiment I
Each observer's performance can be summarized by the average hit and false alarm proportions obtained for each of the 10 experimental conditions. These proportions were treated as estimates of corresponding conditioning probabilities, denoted as i>(AtIS t) and P(AtIS o). and are presented in Table I . An index of sensitivity frequently used in psychophysical experiments is the prohnbillty of a correct response, PCC'). Estimates of P(C'). denoted P(O, for each experimental condition, can readily be obtained from each observer's summary data in the following manner:
where 'Y is the probability of an St stimulus pattern. These estimates .are presented in Table 2 for each observer. Note that, in general, P(C) tends to decrease with increases in the lateral separation between the two lights (x), and is considerably greater for the larger vertical discrepancy (y).
The effect of each independent variable on each observer's performance was evaluated by Chi-square homogeneity tests (Anderson & Goodman, 1957, p. 97) . Under the null hypothesis the expected number of A j responses made to Sj, for i and j equal to I or 0, is the same for all values of the independent variable. Assuming the null hypothesis to be true, the best estimate of the expected frequency of an A· response to Sj is the average frequency over all values of the variable. Given these expected frequencies, a Chi-square statistic may be calculated in the usual manner. Both the lateral separation between the two lights (x) and the size of the vertical discrepancy to be discriminated (y) had a statistically significant effect (p < .00 I) on each observer's performance.
Experiment 2 .
• For each observer, P(AtIS t) and P(AtIS o) for each of t'le eight experimental conditions are presented in Table 3 , and P(C) in Table 4 . Note that P(C) tends to decrease as the temporal interval between the two lights (t) is increased, and is generally greater for the smaller lateral separation (x).
As in Experiment I, the effect of each independent variable on each observer's performance was evaluated by Chi-square homogeneity tests. With one exception, both the temporal delay (I) and the lateral separation (x) had a statistically significant effect (p < .01) on each observer's performance. Manipulation of the lateral displacement between the two lights did not produce a significant influence (p > .05) on the performance of Observer 2.
However the overall Chi-square for x, computed by summing the values for each observer, was significant (p < .001).
THEORETICAL ANALYSIS AND DISCUSSION Effects of the Independent Variables on Sensitivity (5t;<)
For each observer an estimate of 5tx : denoted 5tx > can be obtained for each experimental condition from a table of normal deviates. Specifically,
tx =Pz(AtIS o) -Pz(AtIS t)
where Pz(AtIS o) is that value of a normal deviate which is exceeded with a probability f>(AtIS o), and Pz(AtIS t) is a similar transformation of f>(AtISt). These estimates of 5tx are presented as data points in Fig. 3 , and numerically in Tables 5 and 6 . It is clear that in general, the independent variables have a systematic effect on 6tx for each observer. In Experiment 2, the relationship between the two independent variables, x and t, would have been more clearly demonstrated if the difference between the two values of x was greater-Note that 6 tx appears to be a more sensitive measure than P(C) in that variations in the independent variables that do not produce an apparent change in f>(C), clearly affect 5tx : For example, examine the performance of Observer I in Experiment I, y equal to .13 deg. As x is increased from 2 deg to 10 deg, 6tx decreases from 1.48 to .76 (Table 5) , while he)
varies only slightly around .60 (Table 2) . In order to evaluate the extent to which the estimates of 5 tx presented in Tables 5 and 6 are consistent with the values of 5tx predicted by the model (Equation 14), estimates of the diffusion rates, <Pt and <P x ' and of the input variance, K, have to be determined for each observer. If an observer's sensitivity does not vary between the two experiments, then these three parameters can be estimated from his performance in both experiments. Note that two of the experimental conditions in Experiment I were duplicated in Experiment 2 (x equal to 6 deg, y equal to .26 deg, t equal to 0 sec; and x equal to 10 deg, y equal to .26 deg, t equal to o sec). A statistical test proposed by Gourevitch and Galanter (1967) was used to determine whether an observer's sensitivity under these two conditions in Experiment I differs significantly from his sensitivity under the corresponding conditions in Experiment 2. Specifically, the null hypothesis tested was that an estimate of 5tx obtained in Experiment I does not differ significantly from the estimate of 5t x obtained for the same experimental condition in Experiment 2. For each observer, two such tests were conducted. In only one case (Observer 5; x equal to 6 deg, y equal to .26 deg, t equal to 0 sec) could the null hypothesis be rejected (p < .05). On the basis of these results, it can be argued that, in general, the variability in sensitivity between experiments is negligible.
Thus <Pt' <P x ' and K were estimated from an observer's performance in both exp.eriments. These estimates, denoted respectively as~t'~x' and K, were chosen to minimize the sum of squared discrepancies between the 18 estimates of 5tx obtained from the two experiments for a particular observer, and the ".
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• 1' a -IS' ". corresponding values predicted by Equation 14 witq~t' $x ' and fc substituted for .pt' .px' and K. The input variance, K, is negligible for all observers. In fact for Observers 4 and 6 the input variance is actually zero. This suggests an appropriate simplification of the model: let K equal zero by assumption, and fit the data with two parameters, .pt and .px' The estimates of .pt and .px presented in Fig. 3 were chosen to minimize the sum of squared discrepancies between the estimated 6 tx values and those predicted by Equation 14 with $t and 4>x substituted for ¢t and .px and K equal to zero. These predicted°tx values, denoted Pred. 6 tx > are presented graphically in Fig. 3 , and numerically in Tables 5 and 6 . It seems clear from Fig. 3 that the 2-parameter form of the model provides a reasonable interpretation of each observer's performance. One way to test how well the model accounts for changes in sensitivity under the various experimental conditions is in terms of the proportion of the variance in Stx. accounted for by the predicted 6tx values. The variance of the 18 8tx values around their mean can be regarded as an estimate of the total variance in the dependent variable. An estimate of the unpredicted (or residual) variance in gtx is simply the variance of the 18 8tx values about their predicted values minus the variance that can be attributed to sampling. Given an estimate of the observer's theoretical hit and false alarm probabilities, denoted f>{A1IS 1) and 1'>(A 1ISo), an estimate of the sampling variance can be obtained using the method discussed by Gourevitch and Galanter (1967) . That pair of hit and false alarm probabilities on the operating characteristic predicted by Equation 14 which was most similar to. the observer's performance, was regarded as an estimate of his theoretical hit and false alarm probabilities. The proportion of the total variance accounted for by the model was calculated for each observer, and indicated that the model accounts on the average for.96 of the total variance in 5tx: the actual values obtained for Observers I through 6 are respectively .96, 1.00, .98, 1.00, .94, and .9 I. Thus, the model accounts for virtually all of the variance in 8tx ' It is apparent that the two diffusion parameters allow a good prediction of 5tx under the 16 different experimental conditions.
In the development of the model it was assumed that Var (V o) and Var{VI ), the variances of the two sensory distributions, were equal. Since the predictions of the two-parameter form of the model are consistent with the observed data, the equality of variance assumption appears to be reasonable, at least for the vertical position discrimination task considered.
Estimates of Decision Criterion (C tx ) Another theoretical question of interest is the relationship between variations in the values of the independent variables and an observer's decision criterion, C tx' Note that P{AI1So) would by definition equal the area to the right of C tx under Pte distribution of U tx for an So stimulus pattern (see Fig. 2 ). Pz(AliSo), that yalue of a normal deviate which is exceeded with a probability P{A1IS o), can be obtained from a table of normal deviates. An estimatq of the criterion, denoted C tx, in degrees visual angle is simply Pz{A1IS o) multiplied by the standard error of U tx ' That is, These estimates may be thought of as the minimum discrepancy in degrees visual angle that must occur between the memory of the first stimulus and the position of the second stimulus in order for the observer to respond "different."
Estimates of each observer's criterion for each experimental condition are presented in Figs. 4 and 5. Since an estimate of the sampling variance is not available, we can not determine whether the observed variance in C tx is greater than the variance that could be attributed to sampling. However, it is clear that, if part of the observed variance is attributable to variations in the independent variables, the relationship between the independent variables and C tx is idiosyncratic. For example, the decision criterion held by Observer 3 is apparently dependent upon the value of x, but independent of the value of y. Observer 5, however, seems to maintain a fairly stable criterion with variations in x, but holds a consistently smaller criterion for the smaller value of y. Also note, that for Observer 3 the decision criterion is positively correlated with t, while for Observer 4 the correlation is negative. Thus the decision theory approach to the analysis of the data allows the Observer' 8 10
x degrees x degrees x degree. removal of such idiosyncratic sources of variability from the estimates of the observer's sensitivity.
(15)
Sequential Properties of the Data Another feature of the data which is of interest are the sequential fluctuations in hits and false alarms. The sequential effects of particular interest concern the correlation between the response on Trial n and the stimulus and response events on Trial n-l . For each observer the proportion of Al responses on Trial n contingent upon the stimulus and the response on Trial n-I as well as upon the stimulus event on Trial n was determined. These proportions were treated as estimates of the following conditional proba bilities:
for i and j equal to I or O.The notation in Expressions 15 and 16 can be simplified by omitting the trial subscripts (n and n-I). In the remainder of the paper, the temporal order of events in the sequential statistics should be interpreted as corresponding to that in Expressions 15 and Ip. Estimates of~(AIISI AjSj) and P(AIISOAjS j ) , denoted as P(AIIS I AS i ) and P(AIISOAjSj), for each experimental condition averaged over the six observers are presented on operating characteristic (OC) graphs plotted on double-probability co-ordinates in Figs 
Fig . 8 . Estimates values of P(AtISt~) and P(AtISOA j ) for each experiment.! condition in Experiment I.
fonnance on trials following each of the four possible combinations of stimulus and response. It is clear that the response on Trial n is correlated with the stimulus and the response events on Trial n-I. Note that the order of the four points in the DC space is consistent over all experimental conditions. These trial-to-trial sequential effects are similar to those described by Kinchla (1966) , and Tanner, Haller, and Atkinson (1967) for an auditory recognition problem involving the comparison of stimulus events presented at different points in time. Parducci and Sandusky (1965) reported a study involving the comparison of the horizontal position of two vertically separated visual stimuli. Both the horizontal discrepancy and the vertical separation were constant throughout the experiment, According to Kinchla (1966) a sequential analysis of the Parducci-Sandusky data revealed a similar ordering of points as in the auditory studies involving temporally noncontiguous stimuli. Thus, this relative ordering of the sequential statistics is observed in a number of recognition studies, suggesting that strong sequential effects occur consistently in tasks involving temporally or spatially noncontiguous stimuli. Furthermore, this ordering is consistent with the predictions of a model of signal recognition discussed by Tanner, Haller, and Atkinson ( 1967l. Figures 6 and 7 suggest that, in general, the response on Trial n is more highly correlated with the response on Trial n-l than the stimulus on Trial n-I, Estimates of PIAI ,n I~l,n A j n-I) and P(Al,nISO,nAj,n_l)' denoted as P(A1IS 1 A j ) and 1 1(A 1 IS OAj ) , for each experimental condition averaged over the six observers are plotted on double probability co-ordinates in Figs. 8 and 9. Each point plotted for a given experimental condition characterizes performance on trials following each of the two possible responses on Trial n-l , The order and the spacing of the two points in the OC space is consistent over all experimental conditions. For each experimental condition a straight line with unit slope provides a very good fit to the two points. Thus, the sequential effects can be interpreted as shifts in decision criterion along the same OC curve. The straight line, unit slope, operating characteristic suggests that the two distributions of U tx (see Fig. 2 ) have equal variance. This is consistent with one of the assumptions of the model.
For each experimental condition the OC curve for the response contingent sequential effects is replotted in Figs. 6 and 7 , and provides an adequate fit to the four points. The most deviant points are generally the most unreliable estimates in that they are based on few observations. It appears then that the observer's decision criterion on Trial n is contingent on both the stimulus and response events on Trial n-l .
The model developed in this paper does not specify that the observer shifts his criterion from trial to trial. However, it is clear that since the model accounts for virtually all of the variance in the estimated "tx values, the variance due to fluctuations in criterion does not significantly influence Ii tx : This point can be made more explicitly in terms of the model. Suppose the criterion was not constant but actually had a Gaussian distribution with mean zero and variance "'c' Then,
The results indicate that "' c is so small relative to the other components of the variance in the denominator of the preceding equation that a good fit between model and data may be achieved with the assumption that "'c equals 0 (as in Equation 14 ). It would be of theoretical interest to elaborate the present model to include a dynamic decision process which specifies the manner in which an observer shifts his criterion from trial to trial.
CONCLUSION
It is clear that the results of the two experiments are generally consistent with the predictions of the model. An observer's ability to compare the vertical position of two points of light presented successively in the dark is reduced by both a temporal delay between their presentation and a lateral separation in their position. The loss of vertical position information during the temporal delay is similar to the loss over a lateral translation in that both can be represented by a random walk process. When the transformation is made simultaneously over both a temporal and a lateral separation, the random walk processes appear to proceed simultaneously but independently, and the cumulative loss of information is simply the sum of both walks. Note that two estimates, $t and $x' account on the average for 96% of the variance in 8 1x '
It should be emphasized that the discrimination problem considered is somewhat unique in that the loss of vertical position information represented by the theoretical random walk processes may to a large extent reflect overt, involuntary eye movements. The drift components of involuntary eye movements in the dark suggest a random walk process, and probably are the result of instability in the oculomotor system (Cornsweet, 1956) . Thus, it is conceivable that the loss of vertical position information during the interstimulus interval, $t' is due, at least in part, to the instability of the oculomotor system. Similarly, the loss of vertical position information during the lateral translation, $x' might also be attributable, in part, to the instability of the oculomotor Perception'" Psychophysics, 1968,Vol 4 (S) systcm. Unfortunately, there arc 110 reports of direct measurements of eye movements in an experimental situation similar to that used in the present experiments, It would be of value to apply the model to data from a discrimination problem which is not affected by involuntary eye movements. For example, a task involving the comparison of the brigh tness of two objects would be appropriate. Specifically, the observer is required to discriminate a difference in brightness between two laterally separated points of light presented successively in the dark. On some trials the two lights would be equated in intensity, on others, they would differ by an amount y. In this way it would be possible to test the model in a situation where the variance introduced by a temporal delay and a lateral separation could not be attributed to involuntary eye movements.
Note that this approach would allow one to determine the relation between "brightness memory" and stimulus intensity. According to Weber's Law, an observer's ability to discriminate a change in brightness is related in a systematic manner to the intensity of the stimulus being incremented. Specifically,~= K I where I is the intensity of the original stimulus, AI is the increment in intensity necessary for the observer to detect a change in brightness, and K is a constant. It has been shown that Weber's Law holds for a fairly wide range of intensities (Dernber, 1960) . Thus, on the basis of Weber's Law we would expect variations in the intensity of the initial stimulus (Yo) to influence Ii tx : This suggests that the rate at which brightness information is lost over time ("'I) and over space ("'x) could be dependent on the value of Yo. That is, an observer's ability to "remember" the brightness of an object may be related to the intensity of the object.
An interesting application of the model would be in animal psychophysics. There has been a great deal of interest in an animal's ability to discriminate stimuli which are separated in time. For example, a number of investigators have studied the acquisition of a "delayed matching-to-sample" problem by the pigeon (Berryman, Cumming, & Nevin, 1963; Blough, 1959; . In general, the animal in this problem situation is required to select that one of two "choice stimuli" which is the same as the "sample stimulus." A temporal delay can be introduced between the offset of the sample stimulus and the presentation of the choice stimuli, It would be interesting to determine whether the predictions of the model are consistent with the poorer matching performance observed in these studies as the temporal delay is increased. Unfortunately, the data reported in these studies are in a form not amenable to a decision theory analysis.
